**Core tip:** We suggest that central venous pressure (CVP) measurement should be abandoned in renal transplantation since it may be misleading. We recommend using intra-operative and post-operative cardiac output monitoring devices for guiding fluid therapy in renal transplant recipients. Although lager well-designed studies are still required to consolidate the role of new techniques in comparison to CVP monitoring in the field of renal transplantation. We Suggest that the new methods have the advantage of providing a more accurate haemodynamic assessment in renal transplant cases.

INTRODUCTION
============

Central venous pressure (CVP) measurement have been in use for more than half a century to assess intravascular fluid status of renal transplant recipients and, thereby, be used as a guide for intravenous fluid therapy in renal transplantation. With the current advances in the diagnostic tools, the value of CVP is a point of debate. Several studies proved that CVP measurements are neither correlated to cardiac output nor have a precise correlation with intravascular volume status, therefore it's value in fluid management of renal transplant recipient is at the best speculative. On the other hand, the traditionalists continue to believe that CVP values are of sufficiently good enough as a benchmark in determining resuscitation goals for a given patient.

It is well recognised that optimum fluid resuscitation is essential to maximise the outcomes in critically ill patients. However, only a few studies have reliably endeavoured to assess the role of CVP in comparison to other modern techniques in the field of renal transplantation. We aim to answer this question in regards to clinical application of CVP and objectively review from the point of view of its benefits and inherent limitations.

HISTORICAL USE OF CVP
=====================

The clinical correlation between CVP and the intravascular fluid volume were established more than 50 years ago\[[@B1]\]. Theoretical basis of CVP is to measure the pressure in the superior vena cava (SVC) or right atrium pressure, which reflects the right ventricle preload\[[@B2]\]. Indeed, several textbooks have dogmatically stated that CVP provides a clinically relevant and reliable information in regards to circulatory and volume status of patients\[[@B3]\].

Marik et al\[[@B3]\] published a systematic review article that evaluated the relationship between CVP and the fluid status of the patients and concluded that CVP is an unreliable indicator of the fluid status and should not be used as a guide to fluid management. Furthermore, Marik et al\[[@B4]\] as per updated meta-analysis for evaluation of CVP reliability in clinical practice, reiterated abandoning the use of CVP as a guide in fluid management.

Cecconi et al\[[@B5]\] pointed that commonly used preload measurements such as CVP or end diastolic volume, when used in isolation, cannot be used reliably as a guide to fluid resuscitation. They rather recommend using more than one hemodynamic variable for patient evaluation and management. Nonetheless, the study validated the role of CVP in certain situations as severe congestive heart failure or hypovolemia, where the use of CVP is valuable in guiding fluid management\[[@B5]\].

CVP IN THE CURRENT PRACTICE
===========================

CVP measurement continues to be a pedestal in day to day clinical practice. A survey studying the resuscitation practices of Canadian physicians have shown that 89.2% of them would use CVP as a monitoring parameter in septic shock as shown in Figure [1](#F1){ref-type="fig"}\[[@B6]\]. Additionally, CVP-determined endpoints were considered the end-point of volume resuscitation in the early phases of septic shock by 78.7% of the Canadian clinicians as illustrated in Figure [2](#F2){ref-type="fig"}\[[@B6]\].

![Monitoring parameters used by intensive care unit physicians\[[@B6]\]. BP: Intra-arterial blood pressure; CVP: Central venous pressure; CVP oxy: Continuous monitoring of central venous oxygen saturation; Foley: Foley catheter; O2 sat: Oxygen saturation; PAC: Pulmonary artery catheter; Telem: Telemetry.](WJT-8-61-g001){#F1}

![Volume resuscitation end-points\[[@B6]\]. BP: Blood pressure; CO: Cardiac output; CVP: Central venous pressure; CVP rise: Sustained rise in central venous pressure; HR: Heart rate; MvO2: Mixed venous oxygen saturation; Per Perf: Peripheral perfusion; ScvO2: Central venous oxygen saturation; UO: Urine output.](WJT-8-61-g002){#F2}

Bignami et al\[[@B7]\] addressed the current clinical practice in hemodynamic monitoring after cardiac surgery in Italy. They analysed data collected from 71 centres using a 33-item questionnaire from. For monitoring intravascular volume status, CVP was used most frequently (26.7%), followed by arterial BP (19.7%) and echocardiography (5.6%)\[[@B7]\]. Sondergaard et al\[[@B8]\] reported that CVP, though not a direct measure of preload, can be used to assess volume status, heart performance and systemic vascular resistance.

DRAWBACKS AND LIMITATIONS OF CVP IN RELATION TO RENAL TRANSPLANTATION
=====================================================================

Recent medical advances in understanding haemodynamic of the vascular system together with the availability of new technology have changed the scope of diagnostic approaches. We strongly feel that CVP is not the right tool in assessing the fluid balance and guide fluid therapy in renal transplantation. CVP reading is affected by several physical and anatomical factors as illustrated in Table [1](#T1){ref-type="table"}\[[@B9]\].

###### 

Factors affecting the measured central venous pressure reading\[[@B9]\]

  ----------------------------------- --------------------------------------------------------------------------------------------------------------
  Central venous blood volume         Venous return/cardiac output Total blood volume Regional vascular tone
  Compliance of central compartment   Vascular tone Right ventricular compliance: Myocardial disease Pericardial disease Tamponade
  Tricuspid valve disease             Stenosis Regurgitation
  Cardiac rhythm                      Junctional rhythm Atrial fibrillation Atrio-ventricular dissociation
  Reference level of transducer       Positioning of patient
  Intrathoracic pressure              Respiration Intermittent positive pressure ventilation Positive end-expiratory pressure Tension pneumothorax
  ----------------------------------- --------------------------------------------------------------------------------------------------------------

During kidney transplant operation, the recipient is exposed to many intraoperative factors which may alter the CVP reading, hence, can be misleading in decision making. These factors can be summarised in the following points: (1) During the operation, the position of the patient is not always in flat supine position. The surgeon may be tilting the table in a different direction, commonly head down while elevating the left or the right side to improve the access to the iliac vessels. The effect of posture changes on CVP reading was documented since a long time\[[@B10]\]; (2) transplant surgery always entails the use of abdominal retractors. These retractors must have a pressure effect on the viscera and subsequently affect the venous return. Moreover, the tension created by the retractors will resist movement of the diaphragm and will eventually affect the intrathoracic pressure. These mechanical factors again will give a false CVP reading\[[@B11]\]; (3) there is positive pressure ventilation (PPV) during the transplant operation will affect the CVP reading as mentioned in Table [1](#T1){ref-type="table"}\[[@B9]\]. There is no convincing evidence demonstrating to how much the CVP is affected by PPV; (4) the target intra-operative CVP remains elusive. While aggressive hydration ensures good allograft perfusion. On the other hand, overhydration carries the risk of pulmonary congestion, pulmonary oedema, and prolonged intubation especially in patients with pre-existing cardiac conditions\[[@B12]\]; (5) CKD patients on dialysis fluctuate between the volume overload state and the dry state during the post-dialysis period, which makes it difficult to declare which CVP reading should be considered as a normal reading. Additionally, the effect of ageing, long-standing hypertension and the use of various medications affecting the peripheral vascular resistance (alpha blockers, beta blockers and calcium channel blockers) would be further confounding parameters\[[@B9]\]; and (6) we should not forget that placement of central venous catheters and other devices may result in central vein stenosis. Central vein stenosis can jeopardise the future of arteriovenous fistula and arteriovenous graft in the ipsilateral extremity when the renal graft fails, and the patient returns to dialysis\[[@B13]-[@B15]\].

POSSIBLE ALTERNATIVES FOR FLUID STATUS MONITORING
=================================================

The introduction of commercially available equipment for assessing dynamic preload variables \[*e.g*., stroke volume variation (SVV)\] considered a revolutionary advance in peri-operative fluid management. Srivastava et al\[[@B16]\] evaluated the use of intraoperative transesophageal Doppler (TED) to estimate the corrected flow time and variation in stroke volume values. TED was used to guide intraoperative fluid management in 110 living donor renal transplant recipients, and the outcome was compared with the historical records of 104 control recipients who received CVP guided fluid management over the previous year. They concluded that TED was associated with a similar rate of immediate graft function. Moreover, it was associated with a significantly less amount of intra-operative intravenous (IV) fluids, and reduced incidence of postoperative fluid overload\[[@B16]\].

Similarly, Kumar et al\[[@B17]\] studied the use of SVV (obtained from minimally invasive cardiac output monitor) to guide the perioperative fluid therapy in major abdominal surgery. The study documented a significantly lower amount of IV fluids used with the new technique, not only that but also there was a significantly shorter ICU stay, and a non-significant shorter hospital stay\[[@B17]\]. These non-invasive tools were used successfully as a part of enhanced recovery programs in kidney transplantation to improve patient outcomes and speed up patient's recovery after surgery\[[@B18]\].

Furthermore, several other non-invasive techniques are utilised for cardiac output assessment and IV fluid guidance like lithium dilution technology (*e.g*., LiDCOplus^TM^ machine) and arterial pulse wave analysis (*e.g*., FloTrac/Vigileo^TM^)\[[@B19],[@B20]\]. However, each one of these novel, non-invasive techniques has its own limitations. Clinicians should be aware of the underlying principles and limitations of each technique to choose the best modality for each clinical scenario individually\[[@B19],[@B20]\]. Advantages and limitations of some of the currently available non-invasive approaches are summarised in Table [2](#T2){ref-type="table"}\[[@B19],[@B20]\].

###### 

Advantages and limitations of some commercially available (minimally invasive) cardiac output monitoring\[[@B19],[@B20]\]

  **Modality**              **Examples**                         **Advantages**                                                                                                                                                                            **Limitations**
  ------------------------- ------------------------------------ ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Pulse wave analysis       LiDCO*rapid*™ and FloTrac/Vigileo™   Requires only arterial line; Beat-by-beat CO monitoring (this may help to evaluate response to IV fluids). - Validated by clinical studies in different medical and surgical conditions   Presence of arterial line with optimum waveform signal is a prerequisite; Accuracy may be reduced by sever arrhythmia; Needs frequent recalibration during periods of hemodynamic Instability
  Lithium dilution          LiDCO*plus*™                         Simple technique (can use peripheral arterial line); Continuous CO monitoring                                                                                                             Arterial line required; Accuracy affected by some neuromuscular blocking drugs; Lithium chloride is contraindicated in patients undergoing treatment with lithium salts
  Electrical bioimpedance   BioZ^®^                              Completely non-invasive                                                                                                                                                                   Numerous mathematical assumptions; Limited validity in patients with dysrhythmias
  Partial CO2 rebreathing   NICO™                                Easy to set up                                                                                                                                                                            Requires intubation and mechanical ventilation with minimal gas exchange abnormalities and fixed ventilator settings; Accuracy decreased with haemodynamic instability
  Pulsed dye densitometry   DDG-330^®^                           Non-invasive                                                                                                                                                                              Intermittent assessment; Accuracy may be affected by vasoconstriction, movement of the sensor and interstitial oedema

CO: Cardiac output; OR: Operating room.

The reliability of these new techniques to guide fluid therapy in surgical cases has been investigated in several clinical trials. The conclusion of these trials is summarized in Table [3](#T3){ref-type="table"}.

###### 

Dynamic evaluation of fluid status in comparison to conventional approach

  **Author**                          **Patients No**.   **Study group**                                                  **Conclusion**
  ----------------------------------- ------------------ ---------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Berkenstadt et al\[[@B21]\], 2001   15                 Patients undergoing brain surgery                                SVV could predict fluid responsiveness to even a small volume loading of 100 mL of 6% hydroxyethyl starch given for two minutes; There was no correlation between the changes in SV and the values of the CVP and heart rate before or after loading
  Rex et al\[[@B22]\], 2004           14                 Coronary artery bypass grafting (CABG) patients                  The dynamic index SVV allowed real-time monitoring of left ventricular preload. Moreover, it allowed assessing the haemodynamic effect of a fluid challenge; Other preload variables (*i.e*., PAOP, CVP, LVEDAI and ITBI) failed to predict fluid responsiveness
  Preisman et al\[[@B23]\], 2005      18                 Coronary artery bypass grafting (CABG) patients                  Functional haemodynamic indices were superior to static indicators of cardiac preload in predicting fluid responsiveness; Use of CVP for the evaluation of intravascular volume status, have been found to lack any predictive value
  Hofer et al\[[@B24]\], 2005         40                 CABG patients                                                    Stroke volume index was significantly correlated with SVV (*P* \< 0.001) and PPV (*P* \< 0.001) only; While CVP failed to have a significant correlation (*P* = 0.235)
  Wiesenack et al\[[@B25]\], 2005     20                 CABG patients                                                    Stroke volume index correlated significantly with SVV and PPV derived from pulse contour analysis (*P* \< 0.05) but not with CVP or pulmonary artery wedge pressure
  Cannesson et al\[[@B26]\], 2006     18                 CABG patients                                                    Left ventricular stroke area measured by transoesophageal echocardiographic automated border detection is not only sensitive to changes in preload but also, can quantify the effects of volume expansion on cardiac output; The difference in CVP reading did not reach statistical significance in the study groups
  Lee et al\[[@B27]\], 2007           20                 Neurosurgical patients                                           Corrected flow time by oesophageal Doppler and PPV are better than CVP and LVEDAI in predicting fluid responsiveness
  Cannesson et al\[[@B28]\], 2007     25                 CABG patients                                                    ΔPOP can predict response to volume expansion as well as quantify the effects of volume expansion on hemodynamic parameters during cardiac surgery; There was no statistically significant relation between CVP and increase in cardiac index after volume expansion
  Belloni et al\[[@B29]\], 2008       19                 CABG patients                                                    Their results confirm the ability of SVV (*P* = 0.0005) and PPV (*P* = 0.001) to predict fluid responsiveness in ventilated patients during cardiac surgery No significant differences were found in mean LVEDA and CVP before and after fluid administration
  Biais et al\[[@B30]\], 2008         35                 Postoperative period of liver transplantation                    SVV and PPV measurement by arterial waveform analysis can be used to predict the effects of volume expansion in mechanically ventilated patients after liver transplantation; The failure of CVP and PAOP to predict fluid responsiveness agrees with increasing evidence that static preload indicators are not suitable for functional haemodynamic monitoring
  Hofer et al\[[@B31]\], 2008         40                 CABG patients                                                    Conventional static preload parameters failed to reflect the fluid status or to predict fluid responsiveness. CVP is therefore unsuitable for predicting ventricular response to fluid loading; SVV measured by the FloTrac™/Vigileo™ and the PiCCOplus™ systems exhibited similar performances regarding predicting fluid responsiveness
  de Waal et al\[[@B32]\], 2009       18                 CABG patients                                                    SVV of \> 8% can predict fluid responsiveness with 100% sensitivity and 78% specificity, while PPV ≥ 10% can identify fluid-responders with 64% sensitivity and 100% specificity; CVP readings were not better in predicting fluid responsiveness than random chance
  Cannesson et al\[[@B33]\], 2009     25                 CABG patients                                                    SVV of 10% helped in discrimination of responders to volume expansion with an 82% sensitivity and 88% specificity; SVV may be a potential alternative to DeltaPP which is an accurate predictor of fluid responsiveness in ventilated patients; SVV was significantly a better predictor of fluid responsiveness than CVP and PCWP in this study
  Zimmermann et al\[[@B34]\], 2010    20                 Elective major abdominal surgery                                 Both SVV and PVI are valid indicators of fluid responsiveness in ventilated patients during major abdominal surgery; CVP did not adequately reflect circulating blood volume and failed to predict fluid responsiveness in this study
  Desgranges et al\[[@B35]\], 2011    28                 CABG patients                                                    PVI can predict fluid responsiveness during general anaesthesia whatever the site of measurement in the operating room (the finger, the ear, and the forehead); PCWP and CVP showed no significant difference between responders and non-responders
  Shin et al\[[@B36]\], 2011          33                 Elective living donor liver transplantation                      Femoral SVV \> 8% can predict responders to fluid loading with a specificity of 80% and a sensitivity of 89%; CVP and PAOP did not correlate with the changes in the cardiac index that occurred with a fluid challenge
  Broch et al\[[@B37]\], 2011         81                 CABG patients                                                    SVV (*P* = 0.002) and PPV (*P* \< 0.0001) were found to be reliable indicators for fluid responsiveness unlike CVP (*P* = 0.13) that failed to predict it; PVI ability to predict fluid responsiveness is limited in the presence of low perfusion indices
  Cannesson et al\[[@B38]\], 2011     413                Multicentre study of different abdominal and cardiac surgeries   PPV \[AUC 0.89 (0.86; 0.92)\] is superior to CVP \[AUC 0.57 (0.54; 0.59)\] in prediction of fluid responsiveness (*P* \< 0.001)
  Yazigi et al\[[@B39]\], 2012        60                 CABG patients older than 70 yr                                   PPV is a reliable predictor of fluid responsiveness while CVP and PAOP were not better than a random chance in predicting the response to fluid; PPV reliability was not affected by the decreased arterial compliance and increased arterial stiffness related to aging
  Bogović et al\[[@B40]\], 2017       24                 Major (abdominal or trauma) surgery                              The study stressed on the inability of CVP to provide a valid evaluation of the preload; SVV and PPV monitored by LiDCO™ were better alternatives for preload assessment

AUC: Area under the receiver operator characteristic curve; CVP: Central venous pressure; DeltaPP: Respiratory variations in arterial pulse pressure; ITBI: Intrathoracic blood volume index; LVEDA: Left ventricular end-diastolic area; LVEDAI: Left ventricular end-diastolic area index; PAOP: Pulmonary artery occlusion pressure; PCWP: Pulmonary capillary wedge pressure; PPV: Pulse pressure variation; PVI: Pleth variability index; SV: Stroke volume; SVV: Stroke volume variation; ΔPOP: Respiratory variations in the pulse oximetry plethysmographic waveform amplitude.

CONCLUSION
==========

Although CVP measurement continues to be popular, yet it is not ideal for guiding and monitoring of fluid management in renal transplantation. It is noteworthy that there may be large variations in intravascular volume status and the patients have limited range of intravascular volume that can be called euvolemia (because of co-morbidities, vascular complications, drugs and the effects of disease on the autonomic nervous system). Therefore, the volume that is infused in a patient whose fluid balance status is doubtful is going to be imprecise if CVP is to be relied upon to appreciate their baseline value. Pulmonary oedema could be the first sign of fluid overload. Other variables such as the patient position, the use of abdominal retractors, and the positive pressure ventilation make any CVP reading meaningless. As clearly evident from the data presented in Tables [1](#T1){ref-type="table"}-[3](#T3){ref-type="table"}, we suggest that CVP measurement be abandoned in renal transplantation since it may be misleading. Alternative to CVP, we recommend using intra-operative and post-operative cardiac output monitoring devices for guiding fluid therapy in renal transplant recipients. Understanding their limitations helps to provide more robust monitoring of fluid therapy. Giving that these novel tools are only used in the ITU/HDU and operating theatre settings, management of these patients on the ward relies mainly on regular vital signs monitoring including daily body weight rather than being misled by erroneous CVP reading.
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